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ABSTRACT:

The Upper WHhe River Basin (UWRBJs becomingncreasingly vulnerable to water
guality degradatiofrom urban/population growthnd increasedgriculturalproduction
This study examines the relationships amougientlevels water chemistry and
watershed characteristics of Watersheds in the UWRBVater samplew/erecollected
during baseflowconditionseach math for one year at USGS continueilsw gage
stations Watershed characteristics evaluated were land use, geology, drainage area, flow
discharge, and wastewater treatment plant discharge (WTP). Measured chemical water
guality indicators include total nitrogen (TN), total phosphorus (TP), specific
conductivity, turbidity, pHand dissolved oxygen.apidly expanding urban arease
associated with relatively high nutrient concentratiarizaseflowsuch as found in the
James River Basjiwhere mean levels range from 0.9 to 11.7 mg/L for TN and 18 to 175
pg/L for TP. Nutrient concentrations have a strong positive correlation to specific WTP
discharge (gal/day/km?). Ngmoint sourceaffected watersheds with no or only slight
WTP inputs show a negative relationship between percent forest cover and nutrient
concentrations. Higher nutrient concentrations are found in watersheds with less than
50% forest in no#point source watersheds, although these nutrient levels remain below
the James River recommended Total Maximum Daily Load (< 75 pg/L TP and < 1.5
mg/L TN). Agricultural watersheds (>50% ag land) in karst limestone plain areas also
show elevated nutrient concentrations ranging from 0.4 to 5.2 mg/L for TN and 9 to 103
pg/L for TP.
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CHAPTER 1: INTRODUCTION

Runoff from urban land use, agricultural land use and diselfamgh wastewater
treatment plants causscessivenutrient loadingpf manylakes, streams and aquifer
systemsn the UnitedStateqEdwards et. alLl996; Jordan et. al. 199Pgterseret. al.

1998; Turner and Rabalais 200Bupré and Robertson 2004). Sces of nutrients
includewastewatetreatmenplant (WTP)effluent, industrial wastewater, urbaan-off,

soil erosion, septitank effluent run-off from confined animal feeding operatioasd

run-off from agricultural fields (Petersen et. al. 199Bjcessive nutrient loading causes
eutrophication of lakes and streams through overproduction of algae. Increased nutrient
and algae concentration can lead to other water quality problems. Decaying algae
decreases dissolved oxygen in the water and may caaamstto become unable to
supportfish and other aquatic lif@urner and Rabalais 2003; Lunetta et. al. 2005; Thorp
et. al. 2005)Ammonia, a form of nitrogen, is alseleased from decaying algae aimd,
excessive amounts, causes tissue damage to fideBRA$999; McNair and Fraser

2003).

Suspended algae, soil erosion and other contaminants add turbidity to water which
then captures more solar radiation and increases water tempehatuséc organisms
thathave adapted to clear cool springs and rivestly not be able to survive when oxygen
levels are depletedemperature is increasaddwaterchemistry is altered. Only tolerant
species will thrive in streams disturbeddxcessive nutrient loadingausing a reduction
in aquatic biodiversityTurner aad Rabalais 2003)n genera)] t h e ppreeptibniot 6 s
water quality idbased omwater clarity.Clarity may be measured by the ability to clearly

see the stream or lake bottom through the water column. Unsightly masses of suspended



or attached algae meutrophic stream may emit an unpleasant odor from decaying
vegetation and have greenish or brownishrtiaking thenunattractive for recreational
use. e large densities of algaedrinking water sources increases removal costs for
consumption and magausewater to acquire an undesirable odor and t@&¢erson
1998) With increased human populatiolevelopmenand it 6s associ at ed
nutrient loadingeutrophicationrom excessive algal growth is becomingnajor water
quality problenthroughat worldwide water resource@JSEPA 1999; Schueler and
Holland 2000; Turner and Rabalais 2003; McNair and CGRoaser 2008

This studyfocuses on determining the levels and distribution of nutrient
concentration® surface water throughotiie Upper Whie River BasifUWRB)
watershedThis watershed drairepproximatelyl5,636 square kilometens souhwest
Missouri and northwest Arkansas, paithe Ozarks Plateau physiographic region
(MORAP, 2004). Théasin is anajor drainage system the Ozarks ragn and is
characteristic of rivers draining other karst areas with its many deep valleys, broad
hilltops andhighly weathered limestortguffs and bedrock formationgVeathered &rst
geology ishighly porouscontaining many caves, sinks, and subterragbannels which
convent flow directly from surface rewff into ground watestoreshrough a system of
highly dynamic hydrological network&dnger, 02 Mat aj 2 | e RKheet al . ,
AiSwiss cheesbkeo structure of the karst terrain was formed whanwater and surface
run-off eroded the carbonate rock over millions of years and dissolved channels in the
primarily limestone andolomiteformations. Thiformed conduits deepto the laers

of bedrock creating complex subterranean wadtworks (Lange2002).



Surface released contaminants can move down through sinkholes and karst
fractures quickly entering groundwater and reemerging at spring otithetkarst
geological structure of the Ozarks and the UWMR&efore makes this regi@xtremely
vulnerable to infiltratiorof contaminants associated with surfaceoffifMODNR
2001; USEPA2004. The UWRB watershed has one of the fastest growing popusatio
in the nation, havingcreasd by 30% in the last decade (MODOC, 200Ihere are
concerns over the effects of urban and suburban development on the water quality in the
UWRB since water quality has | ong Ibeen cen
attractionsThefour major impoundment&eaver, Table Rock, Taneycomo, and Bull
ShoalsLakes draw millions of tourists and visitors to the UWRB whdend produce
electricity and provida drinkingwater supplyThe UWRB is also one of the best fishing
destinationsn the natiorwith many species of basgappe, catfishfroutand sunfish
(MODOC 2001).

Scenic landscapes, lakes ahé manyclear, springfed streams have made the
UWRB apopularfamily vacaton and retirement destination. A consequevicie
regiondés natur al attraction has been its r
and expansion of metropolitan areas including Springfield, Nixa, Ozark, Branson, Eureka
Springs, andrayetteville Also increasing is the associated pollutimm human
activities such as lawn fertilizezonstruction erosigrpet wastes, septseepage and
imperviousrun-off (Meals and Budd, 1998 addition to urban growth, agriculture
production has increased in the UWRBODNR, 2001;USEPA, 200 Nutrient
sources from agriculture including wastgerrun-off from confined animaleeding

operations angoultry litterfertilizer on pastures and direct deposition of animal manure



into streams and river$he Ozarks region has become the second largestyoult
producer in the U.S. generating over one billion birds per year (UGRDA&004). This
industry provides an inexpensivabundant source of fertiliz&éom poultry litter.
Nutrientrich litter is spread on pastures to enhancetbductioncapacity ofrelatively
poorOzarkssoils (Edwards et. al., 1996)ncreased pastuproduction hagxpanded

cattle productiorin the basinMissouri ranks 8 in U. S. cattle productioand second for
its number of small (100 animals or less) farm beef/cow operatByesene, Lawrence

and Barry counties in the UWRB are among the top ten beef cow counties in Missouri
(Olson et. al. 2004 Arkansas ranks second behind the state of Georgia for poultry broiler
production with much of this occurring in northwest Arkandas UWRB (USDA (b)
2004). Overuse of abundant manure fertilizeraffectingstreams in the WRB,

especially those with large areas of pastures arteipdultry producing counties of
northwestArkansag Edwards et. all996.

Previouswater quality stugks on the UWRB havgenerallybeen limited to a
single subwatershed or streasuch as thdames River, Kings River, or other tributary in
the UWRB andhave not providedata orbasinwide nutrient status. This project seek
to provide aasinwide analyss of nutrient concentrations through sampling during
baseflow conditions in the UWRBIlutrientresults of this analysis will be compared to
land use andthervariables to obtain a better understanding of how watershed
characteristics anelated tovaterquality and nutrientsThis information will provide a
baseline for further, hdlepth investigationandsupport water quality management

programs in the Upper White River Basin.



Research Questions

This study begins to fill gaps in the knowledge abruitient levelsoccurring in
streams during baseflogonditions in the UWRB. There are thmaain questiondat
this study seeks to address:

1) What areghe basBow nutrientlevels in watershedthroughout th&Y WRB?
Baseflow is the lowflow, nonflooded state of the stream where changes in stream
chemistry ad dissolved compounds ardated primarily to ground water sources, point
source inputs and residual apaoint source contributions. Water quality variations at
baseflow tend to bgradua) thus alowing for comparable sampling

2) How does water quality compare between the diffesample watershed
Nutrient concentrations ao®ntrolled by many factors includinmpintsource discharge
land usestream size and geologfyitzpatrick et al. 198; Lent et al. 1998; Binkley et al.
2004).This study investigates the role of these factors in influencing nutrient
concentrations throughout the UWRB.

3) How do varyingphysical watershed characteristics and chemical water
properties correlateith nutrient concentrations? Watershed characteristics such as the
percentage of different land use tyesl predominant geologicirmations were
examinedo discover any relationships between these characteristicgaednutrient
concentrationsWater chemisy including pH, DO, specific conductance, temperature

and turbidity are compared to nutrient concentrations to examine their relationships.



Purpose and Objectives

This study ealuated nutrient concentratiomswatersheds of the UWRB and
examineckeffeds ofdrainage basioharacteristics on these concentrations. The status of
nutrients in the UWRB and the various roles of land use, geology and other watershed
factors influencing nutrig concentrations must be understood in ordenfement
effectivewater qualitymanagement programshe primary objectes of this thesis
research are

1. Quantify basdlow concentrations of Total Nitrogen (TN), Total

Phosphorus (TP) and water chemistry oLl9 samplewatershedsin the
UWRB.

No previous studies hawaughtto determine nutrient concentrations thighaut
the UWRB during baseflow conditions. There have been projecthalatfocused on
one or a few sulwatersheds in the UWRB such as the James or the Kings River
watershedsbutthese have not providedtdanthe nutrient statuthroughout théasin

2. Develop a Geographic Information System (GIS)ith land use, geology,

wastewater treatment plants, hydrology and other spatial data for the

UWRB.

Currently most spatial data is divided by politicaubdaries including state,
county and regional boundaries. The UWRB watershed lays roughly half in the state of
Arkansas and half in Missouri. This studsesGIS andspatial datdo piecetogethera

single dataset that spalnsth Missouri and Arkansasdes of the Basin



3. Examine relationships between water quality and drainage basin

characteristics in the 19 sample watersheds of the UWRB.

Correlation betweedrainage basin and chemidattors within a watershed and
thenutrientconcentrionssampled in the watershed may provide data to aid
management efforts to redunatrient contribution frontand usepractices assoaied

with high nutrient levels

Hypotheses
From previous studies and reasoning, this study suggests the followiadnyipatheses:

1) Nutrient trends among watersheds are dominated by-pourtes such as
WTP effluent due to baseflow sampling conditions.

2) It will be difficult to distinguish between pousiource effects and land use
effects on nutrient loading favatershds receiving WTP effluent since these
basins also contain a higher percentage of urban land use.

3) Non-point source dominated watersheds will have less correlation among
water quality variables than those affected by psirces since powsource
influenced watershed have common factors (wastewater effluent) influencing
water chemistry.

Nutrient concentrationare expected to show a relationstapgand us#and cover types
within the drainage are®rban or agricultural areaseexpectedo have highenutrient
concentrations than rural and forested watersdaddo TN being very mobile in the
environment and TP being associated with soil disturbance on the landsoaeeer,

since water sampling for thiproject was conducted at b#dee conditions, itis probable



that the influence of ruoff from nonpoint sources will be lessened while the effects of
pointsources actively discharging into streams will have a greater measurable impact on
the watersheds receiving thetischarges (Petersen et. H998; Baginska et aR003).
Streams receivingigh volumes of wastewat&neatment planeffluent will have higher
concentrations of nutrients than streahet do not have major sources of effluditese
streams will also have a larger percentage of udeaeloped land us&his may present
a problem when interpreting the relatioshbetween land use and wateality.
Watersheds with major effluent sources are more likely to be located in &reglsey
urbanland useHigh nutrient concentrations fne baseflow samplingin these
watershedsnay appear to be related with the high urban andwgrral land use but
maybe the result othe large poinsource discharg®n the other hand, some point
sources may be located in watersheds that have liinor agriculturaland use and
may therefore deviate fmothe expected low nutrient concentrations.

Non-point watersheds may exhibit less correlation among water quality indicators
due to variations in landscape, hydrology and watershed influenceatdrsheds
containinglarge areas of urbatevelopment and agricultureater qualitymay behighly
variable due to flashy hydrology these impervious or less pervious watershats
basdlow conditions the stream may be still be affedigchutients maing through the
system from the previowgorm event. In the nepoint source dominated watersheds,
there is less expected variability in discharge making the water quality variables more
constant within a particular negoint sample watershed. Each stnelaas a different
shape, drainage area, land use and other factors that influence water chemistry which may

cause noipoint watersheds to exhibit less common water quality characteristics.



Background

Many research projects have studied the effects dfuae watershed
physiography and hydrology on water quality in streg8tark et al1999; Turner and
Rabalais 2003via t a ) 2 |2608. Tleis sectoh discusses previous studies that
examined watershed factors associated with increased nutrient catioast Studies
that deal with spatial information such as drainage area and variations in water chemistry
through a watershed have often found geographical Information Systems (GIS) to be a
useful tool to enhance understanding of these spatial relaifisns

It is well known that forms of nitrogen and phosphorus occur naturally in streams
and vary from one geographical region to another (Clark €08D; Binkley et al. 2004).
Natural sources includil erosionwildlife fecal matterand decompositio of organic
material such afallen leaves (Benfield996;USEPA 1999; Clark et al. 200Bjnkley et
al. 2004. Nitrogen and phosphorus are major plant nutrients essential for growth of
biofilms and aquatic vegetation and form the basis of aquatic faods{Benfield et. al.
1996; Graca et. al. 2001). Natural concentrations of nitrogen in undisturbed forested
streams are low due to a high removal rate by vegetation and lack of excessive inputs.
Naturally occurring nitrogen typically averages 0.68 mgi_Lciambined nitrate,
dissolved organic nitrogen and ammonidthosphorugevels are also low in forest
streamsand arggenerally less than 30 pg/L foombined inorgnic and dissolved organic
phosphorusVariatiors in nutrient levels for undisturbed streaansassociated with
ecological region, atmospheric deposition, vegetative speciastiaadinherent
watersheatharacteristicsuch as geology, geography and land cover (Binkley et. al.

2004).



Excessivenutrientloading in streams occurs in associatiathargeareas of
urban and agricultural developmedo(dan etal. 1997; Meals and Budd 1998). Nutrient
loading may be caused by pesdurces such as WTP effluent whista result of the
human fecamatterthat contains nutrients aégyproducs of thedigestive processTowns
with municipal infrastructure usually have WTP which is often a major source of nutrient
loading. Another nutrient contribut@ non-point sourceollution (NSP)(Jordan et. al.
1997; USEPA 1999; Miller 2006). NSP is cause hyotf and leaching of broad areas of
urban and agricultural land includimgrtilized fields, construction sites and impervious
surface(Miller et al. 1997;Brezonik and Stadelmar#902).Fertilizers containing high
amounts of N and P can be washed ofigricultural fields and into strearby
precipitation. Manurefertilizer is oftenappied at rates that exceed plant phosphorus
requirements in order to increase nitrogen applicatioorgps which need 10 parts
nitrogen to 1 part phosphorosto dispos®f manure (Mallarino et ak004).Excess
nutrients leaclnto nearby groundwater arafreams.

Studies have found that nutrient agriculturalwatersheds malye measurably
lower during summer than in winter duegiant assimilation, aquatic uptakadless
run-off from precipitation(Boyd 1996; Winter and Dillon 2005 Betterpractices on
quantity and timing of fertilizatioand alternative waste disposal methods can help
protect water qualityEdwards et al. 1996These practices include maintenante
vegetative buffers around streawmisich candramaically decrease nutrient loadifigom
fertilization (Winter and Dillon 2005). Vegetative buffers assimilatea large amount
of nutrientrich runoff from agriculture fields or from urban storm waten-off before it

reaches surface watdrsaddition tostabilizing stream banks agairesiosion
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Impervious surfaces including roads, parking lots, building tops, and some lawns
and sidewalks collect nutrients and other contaminants from vehicles, gatel, wolil
erosion, fertilizer and animal waste. All of this Apoint source contamination is washed
by precipitation ruroff into nearby streams which makes towns and urban areas one of
the largest contributors to nutrient pollution. Another NSP isitenseptic tanks. Septic
tanks are often used as a means of wastewater treatment in rural areas that do not have
municipal sewers. Wastewater treatment depends on the ability of soil to absorb effluent.
Large numbers of septic systems in shallow soil withr@bsorption can release nutrient
pollution into the watershed (Aley and Thompson 2002; Wernick et. al. 1P0@8).
source pollution is addressed by the National Pollution Discharge Elimination System
(NPDES), established in section 402 of the Cleanewatt (CWA), through use of
permits and limitations. Under the NPDES program, permits are required for discharge of
pollutants from most point sources (USEPA 1999). Point sources are arguably easier to
control due to their being easily identifiable andnmmbared at an endf-pipe location.

Tools for controlling norpoint source pollution can also be fowntler the CWA in

section 319. This section provides assistance to states, local governments, environmental
organizations and educational institutionsnglevith many other programs for addressing

a wide variety of nofpoint source water quality isSUd$SEPA 2007).

Geology and Land UseGeology playsa significant role in how anthropogenic
activities affecinutrient loading in stream¥he nature of theeplagical formations and
structure underlyin@ watersheéhfluencenutrient mobility, filtration and transport
(Jordan et al1997;Panfil and JacobsazD0L; Vesper ad White 2003)In regionswith

karst geology the effects of human disturbance nwyry influencewatersheds
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drainingthe pollution source, but also the surrounding watersi®&uslow karst aquifer
systems act as sisKor nutrients and then redistribute them into surrounding watershed
basins through springs and cave syst@iernicket.al. 1998; Meals and Butd98
Dupré and Robertsad2004).According to a study biill er et al. (1997) karst watersheds
containing agricultural land use can have higb&altitrogen(TN) concentrations than
watersheds without karst terrain but also comtgy agricultural fields. Thaighly
weathered, fractured bedrock of the karst region does not provide adequate filtration of
nitrogen which leaches into streams and quickly effects the water quality in these regions.
The U. S. Ge oassesgnmemfanater ualitynviribeyGrarks found that
nitrogen concentrations were highstreams draining urbaareas with WTP effluent
(Peterson 1998). Wastewater treatment plants are located in urban areas so the high
nutrient concentrations may actually be ssdias much by the land use in these karst
watersheds

Total phosphorus (TP) levels hawéien been correlated the proportion of
agricultural laneuse in a watershed regardless of geology type (Jorgdnl®97). This
is due to phosphorus transpoeirigy closey related to sediment transpdRow-crop
cultivation on floodplains, removal of riparian vegetation and excessive grazing are all
practices that increase the sediment delivery to streams as well as igolgphorus
attached to this sedimersoil absorbencgndlandscapgopography camfluence
nutrientloading as well. Inthe subbasins of the Quabbin Reservoir, Massachusetts
waters sampled ilow-lying wetlands contained higher levels of TP, while streams with
elevatedwell-drained sds contained fgher amounts of TN (Lent et d1998).The

mobility of nitrogenallows it to leach through the soil into groundwater or streams, while
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in low-lying, lentic systemssuch as wetlandsitrogenis easilyconverted t@asor used
by aquatiglants(Lent et al. 1998)Nitrogen therefore magot remain in stagant water
bodies for long while phosphorusay concentrate in sedimearid become rguspended
in the water [(ent et al1998; Turner and Rabal&2€03).Due to the known impastof
land useupon nutrient concentrations, especially in karst systimd,use planning for
conservations importantto water quality protectian

GIS in Water Quality Studies. Geographic Information Systems (GIS) is an
important tool that is used to describe that&l distribution and variation of watershed
features essential to water quality studies. GIS has been used by plaecisisid
makers at all levels of government, researchers, developers and the general community
for water quality protection effort®evelopingregions of the nation have found this data
management toaxtremely valuable fgprecise analysis and effective distribution of
spatial datdUSEPA 2004) A recent study by the USEPA utilized GIS and a
combination of existing water quality ddtam USGS stations, land use data and
knowledge of the relationships between water quality and land use to develop a model of
watershed vulnerability throughout the UWRB (Lopez et. al. 200&).USEPA study
was the first broadcale model of water qualitulnerability by distribution of potential
water quality drivers including development and forest areas. This GIS database allowed
the USEPA study to produce prediction maps ofwabershedshat were likely to be
vulnerable to water quality degradatignGIS databaseas used in a study by Greene
and Cruise (1995) to quantify the volume of-4affifrom a given storm event in an
urbanized watershed near Baton Rouge, Louisiana. Surface data on slope, land use,

impervious and pervious areas and soils werapiled into a GIS database and used to
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model storm ruyoff in the watershed. Huang et. al. (2003) also usedi@t®d modeling
of the Malian River Basin, China to analyze hydrological processes aiudfiampacts
on erosion. Watershed information ding land use, stream discharge, numbers of
septic systems precipitation and pesaurce discharge has been often used in GIS
models to estimate ngpoint nutrient loads to watersheds (Meals and Bud 1998; Stark et.
al. 1999). GIS databases facilitéibe organization and study of interrelationships
betweernwatershed datand water quality variables throughiategrated approadhat is
well suited to the complex naturewhatershed processddowever, Lent et al. (1998)
and Brezonik (2002) suggest that farge drainage basins effective water quality
analysis may require divisioof the largevatershednto numerous smallevatersheds
Lent et al. (1998) reasondtiat hydrologic and geologmomponentsnay differ
considerably from one region alargewatershed to another and may confound

application of a single model or management strategy.
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Benefits of this Study

This study includes the entitépper White River Basin of southwest Missouri
and northwest Arkansas an evaluation abasirwide nutrient status. This study is
intended to be haselineanalysisthat will provide a snaghot view of the status of
nutrients at baseflow conditions in the UWRB watershed. The advantage to the baseflow
sampling done in this study is that water qualltgracteristics can more accurately be
compared among watersheds. The USEPA study on the UWRB watersheds produced a
prediction model of sulwatershed/ulnerability (Lopez, 2006). This study further
examines the water quality status of the UWRB watershedsgh regular sampling and
comparison ofelatively undisturbed watershedstbh@ more urfanized and populated
watershedsBasinwide nutrient analysisan helpset a baseline for further monitoring
andfuturestudiesResuls of this analysis will providdatato help guidemonitoring and
watershd protection efforts for the UWRBAs populationin this watershed continues to
increaseadding to the demands onwaterresourcesknowledge of the factors that
control nutrient loading as well as the affeat$and use practicesn water quality is

essential to aid imater quality conservation practices and management strategies
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CHAPTER 2: STUDY AREA

The Upper White River Basin watershed drairiarge portion ofhe Ozarks
plateaun southwest Missuri and northwest Arkansas encompasgagions of 9
Arkansascountiesand 10 Missourcounties The UWRBconsists oftiree 8digit
hydrologic unitcodes (HUC): Beaver Lake watershed (11010001), James River
watershed (11010002) and Bull Shoals Lake wheatg11010003(Figure 2.1) This
chapter describes the size, location, climate, hydrology, geology, and land uses

throughout the UWRBThe19 watersheds selected in this study are locatediating

USGSstationgthroughout the basin (Table 2.1)

Upper White River Basin Waterhsed-Missouri & Arkansas
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Figure 2.1: UWRB reference map: Location of the UWRB in Missouri and Arkansas
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Table 2.1: USGS gages: hydrologic unit, site number, name and sample site label of each

USGS gage used as a sampling site in this study (USGS 2005)

8 digit 1st year :
HUC sitg?u?nier USGS gage name In f Slttﬁ. na[ng
number operation or this study

11010002 7052000 Wilson Creek at Springfield, MO 1933  wc-Springfield (1)
11010002 7052100 Wilson Creek near Springfield, MO 1972 WC-above SWTP (2)
11010002 7052152 Wilson Creek Belw Springfield, MO 1967 WC-at SWTP (3)
11010002 7052250 James River near Boaz, MO 1972 JR-Boaz (4)
11010002 7052345 Finley Creek below Riverdale, MO 2002 Finley R (5)
11010002 7052500 James River at Galena, MO 1922 JR-Galena (6)
10010001 7053400 Table Fock Lake near Branson, MO 1974 WR-below TR Dam (7)
11010003 7053810 Bull Creek near Walnut Shade, MO 1995 Bull Ck (8)
11010003 7054080 Beaver Creek at Bradleyville, MO 1994 Beaver Ck (9)
11010002 7050700 James River near Springfield, MO 1956 JR-above Spngfield (10)
11010002 7050690 Pearson Creek near Springfield, MO 1999 Pearson Ck (11)
11010001 7053207 Long Creek at Denver 1996 Long Ck (12)
11010001 7053250 Yocum Creek near Oak Grove, AR 1993 Yocum Ck (13)
11010001 7050500 Kings River near Berrylle, AR 1939 Kings R (14)
11010001 7049000 War Eagle Creek near Hindsville, AR 1952 War Eagle Ck (15)
11010001 7048800 Richland Creek at Goshen, AR 1999 Richland Ck (16)
11010001 7048600 White River near Fayetteville, AR 1974 White RFayetteville (17)
11010001 7048550 West Fork White River E Fayetteville, AR 2001 West Fork White (18)
11010003 7054410 Bear Creek near Omaha, AR 1994 Bear Ck (19)

The UWRB drains a large portion of the Ozarks ecoregion that encompasses over

15,636km? (6,037 square miteor3,863,844 acres) (MORAP 2004). Ten Missouri

counties including Barry, Christian, Douglas, Greene, Lawrence, Ozark, Stone, Taney,

Webster and Wright and nine Arkansas counties including Baxter, Benton, Boone,

Carroll, Franklin, Madison, Marion, Newtoand Washington are included in the UWRB

(Figure 2.1). Major population centers include Springfield, Fayetteville, Springdale,

Ozark, Nixa, Branson, and Berryville. From 1990 to 2005 the population of most

Southwest Missouri counties increased by 30% &b @ile average population growth

for the entire state during this time was 13% (U.S. Census 2006).

17



Besides the main town centers, a large portion of the population growth and
development is taking place in rural areas around the lakes and scenic waiarthay
basin as inhabitants seek these areas to build retirement and recreation homes. Much of
this new population is moving into rural developments that ussterseptic systems to
treat wastewater. Many of these systems fail to adequately treahshewater due to
lack of filtering soils or lack omaintenancéy property ownersFailing septic systems
are considered a nepoint source of nutrients and can add significant nutrient
contamination teurface and ground wat@/Nemick et. al.1998).

Originating from the western end of the Boston Mountain uplands in northwestern
Arkansas, the White River forms & 6rder stream as it flows north toward Missi into
Beaver Lake. The river eventually becomes Bom@ler stream and enteFable Rock,
Tareycomo and Bull Shoals Lake systems. These lpi@sde water and electric power
to the regionds population. The UWRB is ho
include smallmouth bass, largemouth bass, spotted bass, white crappie, Ozark bass,
channel cdish, brown trout and rainbow trout (MODOC 2001). The abundance of many
of these species has given the watershed a reputation as one of the best fishing regions in
the country. The dams have also provided ideal locations fomtier fisheries which
thrive in the cool water emanating from below the dams. Among some of the endangered
aguatic species in this watershed are Ozark cavefish, checkered madtom, Ozark shiner,
several species of darters, the Salem Cave

2001).
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Geology

Geology in the UWRB is typical of the Ozarks characterlzg#arst features
such as sinkoles, caves, bedrock @tares and loosing streams. This allows direct
linkagefrom surface waters to groundwater vaith filtration (Langer 200R Karst
terrain is formed over time by the erosion and weathering of limestone and dolomite
bedrock as slightly acidic rainwater ates channels, caverns and &iolles into this
material. The weathered carbonate rock forms residual soils containing resistent cher
and clay. Erosion of the residual soil accounts for the tumbled gravels found in
streambeds of theegion. The headwateads the White River are composed of coarser
stones and boulders of limestone and sandstone in confined valleys where many
riverbanksn northwestern Arkansaseacomposed of layers of shale, a feature of the
BostonMountain uplandsFigure 2.2 shows the predominantly carbonate geology of the
UWRB with large areas of shale in the southern headwaters region of the White River.

The landsape, topography and soils in the basin are typical of the Ozarks. Slopes
can be 5 to 90 degrees andddo be steeper in areas cltsereeks or water bodies
where bedrock bluffs are exposed. Soils on the broad ridgatepslatively deep wht
thin silt-loams over clayey residim on limestone, shalnd sandstone bedrockilS
often contain a moderate amount of cherty rock fragments and support a variety of oak
and hickory trees. Soils on slopg®thin and poorsupporting mainly smallevaks,
smdke-bush and cedar. Credlottom soils are gravelly in the upper reaches and become
deeper silt loams ithe lower reaches of streani$ese areas contain sycamore, willow
and other bottortand vegetation. The majority of the streams in the basin are

charaterized by a shallow bottom composed of bedrock rock and gravel
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Climate

The climate of the UWRB is temperate with mild winters and warm summers.
The thirtyyear mean temperature for the region is approximately 14 C°. Average
seasonal temperatures in 8tady area rangsfrom 13 to18 C°in the spring, 24 t@6
C%in the summer, 13 tb6 C° inthefall and 5to 18C° in the winte(NOAA 2006). The
northern section of the UWRB receives an average annual precipitation of 107
centimeters while the southesreas of the basin receive 120 centimeters per year.
Rainfall throughout the region averages 109 ceneénsgd3 inches) per year (MODOC

2001).The majority of precipitation occurem March toJune(NOAA 2006).

Hydrology

Originating in tle Boston Moutain uplands of Arkansas, the White River flows
approximately 3,000 kilometers as it makes its way north into Missouri and south again
to the Bull Shoals reservoir in Arkansas. At its origin, the White River is at an elevation
of approximately 675 meters@ by the time it flows over Bull Shoals dam its elevation
has dropped to 160 metetsED 1999). The UWRB contains 18 major tributaries with
approximately 7,300 kilometers of flowing streaamsl manyephemeral streams where
most or all flow drops below theurface into underground channels during dry periods
(USGS1993. Table 2.2 shows the sampling sites and their drainage area size. Figure 2.3
shows the locations of the sites along the major tributaries of the White River in both

Missouri and Arkansas.
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Geology in the Upper White River Basin Watershed
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Figure 2.2: Surficial Bedrock map. General bedrock types in the Upper White River
Basin @Arkansas Archaeological Survép89; MODNR1979)
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Table 2.2: Sampling sites: Site labels, elevation, drainage area size and location of each
USGS gage/samplingts used irthis study

Sampling Sites Elevation Drainage County State
(m) area(km?
WC-Springfield(1) 366 51 Greene MO
WC-above SVTP (2) 350 92 Greene MO
WC-at SWIP (3) 344 132 Greene MO
JR-Boaz(4) 316 1199 Christian MO
Finley R(5) 347 665 Chrisian MO
JR-Galena(6) 281 2567 Stone MO
WR-below TR Dam(7) 212 10394 Taney MO
Bull Ck (8) 217 503 Taney MO
Beaver CK9) 245 771 Taney MO
JRabove Springfield10) 348 633 Greene MO
Pearson Ck11) 366 56 Greene MO
Long Ck(12) 305 265 Carroll AR
Yocum Ck(13) 305 117 Carroll AR
Kings R(14) 294 1374 Carroll AR
War Eagle CK15) 356 685 Madison AR
Richland Ck(16) 351 361 Washington AR
White RFayetteville(17) 347 1039 Washington AR
West Fork Whitg18) 351 325 Washington AR
Bear Ck(19) 305 344 Marion AR
Land Use

The majority of the land within thdWRB is privately owned. There are also
several thousand acres of National Forest including portions of Mark Twain National
ForestandOzark National Forest. Land use incladeban developmenpoultry
production, agricultural pasturerops and foregFigure 2.4) Agriculture,including
pasture and confined animal feeding operations, make up a large pbtiet\WRB
watershednd its economyFarming in the UWRB includes beef and dairyleatt
pastures, hog and poultry production, fruit crops, corn, and feed and forageldrbgs.
areas in the UWRB are largely centered on Springfield, Springdale, Fayetteville and
BransonSpringdale and Fayetteville largely drain into the Elk and SpringrRiw the

west of the UWRB.
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Figure 2.3: Hydrology and sample site map. Sampling sites, streams and lakes in the
UWRB watershed, Missouri and Arkansas
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